###### Strengths and limitations of this study

-   This is the first meta-analysis of randomised controlled trials (RCTs) to examine the effect of physical exercise on patients who have had bariatric surgery.

-   The power of synthetic outcomes from RCTs was confined by the small sample size and the limited number of included studies.

-   The heterogeneity of exercise training interventions also presents challenges to evidence synthesis.

Introduction {#s1}
============

Among the multioptional treatments for obesity, bariatric surgery is the most effective one with profound weight loss and a potential increase in functional capacities.[@R1] However, not all of the patients achieve desired clinical outcomes, even when surgery is successful.[@R3] Apart from the effects of different types of bariatric procedures, patients' behavioural changes, such as engaging in physical exercise, also have a marked influence on postsurgery outcomes.[@R5]

Physical exercise is an important component of lifestyle interventions for weight loss.[@R6] Studies of non-surgical weight loss have confirmed that physical exercise helps improve functional capacities and reduce the risk of metabolic diseases through numerous mechanisms, such as decreasing body weight, total body fat and visceral fat.[@R3] Although physical exercise administered alone does not cause substantial weight reduction, it preserves fat-free mass (FFM) during weight reduction, which may bring about a more favourable outcome in terms of body composition.[@R10] It is logical to believe that these benefits are equally applicable to patients who receive exercise training after bariatric surgery. Earlier systematic review based solely on observational studies suggests that increased participation in physical activity after bariatric surgery is associated with increased weight loss and health quality of life[@R12]; however, several randomised controlled trials (RCTs) obtained inconsistent conclusions.

We therefore conducted a meta-analysis of all of the available RCTs to investigate the effects of physical exercise in patients after bariatric surgery. Our study aimed to determine whether engaging in exercise after surgery can provide additional weight loss and improvement in physical function. We hope to find suitable exercise prescriptions that can optimise postoperative outcomes to provide specific guidelines for exercise management in patients undergoing bariatric surgery.

Methods {#s2}
=======

Patient and public involvement {#s2a}
------------------------------

As it was a meta-analysis, neither patients nor the public were involved in the present study.

Search strategy {#s2b}
---------------

We performed a comprehensive literature search according to PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines[@R14] without language restrictions, using PubMed, Embase, the Cochrane Library, OVID and the CINAHL (Cumulative Index of Nursing and Allied Health Literature), from inception of each database to May 2018, to identify all of the published RCTs on the effects of physical exercise in patients after bariatric surgery. Search terms included mesh headings and keywords based on bariatric surgery (eg, bariatric surgery OR gastric bypass OR gastric sleeve OR gastric banding OR gastrectomy) and exercise (eg, exercise OR physical exercise OR physical activity OR physical training OR aerobic training OR resistance training) and were modified for each individual database. We also searched the reference lists of the retrieved articles and relevant review articles for further eligible studies. A full electronic search strategy for all of the databases is provided in the online [supplementary tables 1--5](#SP1){ref-type="supplementary-material"}.
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Eligibility criteria {#s2c}
--------------------

Prespecified inclusion criteria were as follows: (1) All of the published RCTs on physical exercise in patients after bariatric surgery were considered for inclusion; (2) Subjects were adults with obesity (age ≥18 years) who had undergone bariatric surgery (all types); (3) For the intervention group(s), modes of exercise regimens were defined as aerobic exercise, resistance training or a combination of both. The control group received only standard care (eg, advice to increase physical activity and healthy eating) or no exercise training; (4) At a minimum, the studies must have assessed weight loss or physical function as an outcome and must have reported mean values or the differences between the mean values. The exclusion criteria were as follows: (1) intervention studies comparing only two kinds of exercise prescriptions without control groups and (2) duplicate publications of the included trials.

Study selection {#s2d}
---------------

Two investigators who were blind to the authors and the journal titles independently evaluated the titles and abstracts of the retrieved articles. Disagreements between the two authors were resolved by discussion with another senior author until consensus was reached. The full-text versions of potentially eligible articles were retrieved for further evaluation.

Data extraction {#s2e}
---------------

Two researchers independently performed data extraction from eligible trials using standardised forms. The following relevant information was recorded: demographic information, methodology, intervention details and all of the reported patient-important outcomes. Disagreements were resolved by discussion with another researcher. When data were missing, authors were contacted to obtain any missing information.

Assessment of risk of bias in included studies {#s2f}
----------------------------------------------

Included studies were evaluated for methodological quality using the Cochrane Collaboration's tool.[@R15] Risk of bias ranged from low to high or was unclear, and individual bias items were assessed as described in Higgins P and Green S, eds. *The Cochrane Handbook for Systematic Reviews of Interventions 5.1.0* (Hoboken, New Jersey, USA: John Wiley & Sons, 2008), particularly focusing on random-sequence generation, allocation concealment, blinding, outcome assessment and selective reporting.[@R16] Two investigators assessed the risk of bias in each included study independently, and disagreements were resolved by consensus.

Outcome justification and measurements {#s2g}
--------------------------------------

We chose the outcomes in the present meta-analysis according to previous studies and reviews.[@R17] The primary outcomes were weight loss (defined as actual weight loss sustained after intervention, in kilograms) and physical function (analysed by results of the 6 min walk test (6MWT)). Change in body weight is the most commonly used anthropometric parameter to evaluate the effects of bariatric surgery.[@R21] And 6MWT have been used to quantify functional capacity in obese patients and to monitor changes in physical function after bariatric surgery.[@R23] Considering weight loss and physical function accurately reflect the effect of bariatric surgery, so we chose them as primary outcomes. Secondary outcomes were body mass index (BMI, in kilogram per square metre), percentage of total body fat (BF%), fat mass (FM, in kilogram) and FFM (kilogram), waist circumference and hip circumference (both in centimetre), systolic and diastolic blood pressure (SBP and DBP, respectively, in mm Hg (millimetre of mercury)) and heart rate (HR; WMD in beats per minute (bpm)). The definitions of secondary outcomes were not set in advance and we tried our best to synthesise all of the results of included studies as much as possible.

Data synthesis and statistical analysis {#s2h}
---------------------------------------

All of the statistical analyses were performed using Stata software V.14. WMDs and associated 95% CIs were calculated for continuous data. Missing SDs were derived from other statistics. In cases where only the final and baseline values were available, we calculated the mean change of the score by subtracting the mean final value from the mean baseline value and computed the change-from-baseline SD using a correlation coefficient.[@R16] We used the Cochran's Q test to assess heterogeneity between studies. We also did I² testing to assess the magnitude of the heterogeneity between studies, regarding values greater than 50% as indicative of moderate-to-high heterogeneity.[@R25] The study weights were assigned via the inverse-variance method, and all calculations were performed using a random-effects model. A p-value \<0.05 was considered to be statistically significant. Considering the clinical heterogeneity, we carried out subgroup analyses on primary outcomes based on the starting time of the intervention after surgery (within half a year vs 1 year or more vs varying starting times) and types of exercise (aerobic vs resistance vs aerobic--resistance). A formal subgroup test was then used to see if the difference between subgroups is significant or not.[@R26] To test the robustness of the pooled results, we performed a sensitivity analysis of primary outcomes by removing each study one by one.

We assessed the possibility of publication bias by constructing a funnel plot of each trial's effect size against the SE. We used funnel plots and the Egger's regression test (for the endpoint of weight loss only) to assess publication bias,[@R27] and significant publication bias was defined as a p value \<0.1.

Assessment of quality of evidence for each outcome {#s2i}
--------------------------------------------------

We used the GRADEpro Guideline Development Tool (<http://ims.cochrane.org/revman/gradepro>, version 3.6) to assess the quality of evidence for each outcome across studies and to generate 'Summary of findings' tables for the comparisons. Using this system, RCTs start out as high-level evidence, however, downgrading randomised trial evidence to moderate, low or even very low quality evidence, depending on the presence of the five factors: risk of bias, inconsistency, indirectness, imprecision and publication bias according to the *Cochrane Handbook Systematic Reviews*.[@R16] Our justifications for judgement in each of these domains as footnotes were reported in the 'Summary of findings' tables.

Results {#s3}
=======

Study selection and characteristics {#s3a}
-----------------------------------

A total of 1187 potentially eligible records were identified in the preliminary examination. During the selection process, 317 records were eliminated due to duplication, and 835 were excluded based on title and abstract. Of the 35 remaining articles whose full texts we reviewed, 4 were not RCTs, 3 compared two exercise regimens simultaneously, 4 did not provide the required outcomes, 3 were secondary analyses of the original studies and 13 were conference abstracts. Ultimately, we included eight RCTs[@R17] in our meta-analysis. The flow chart illustrating the search for and selection of studies is shown in [figure 1](#F1){ref-type="fig"}.

![Study selection flow chart.](bmjopen-2018-023208f01){#F1}

The eight included trials[@R17] were published from 2011 to 2018 and performed in the USA,[@R28] England,[@R29] Iran[@R17] and Denmark.[@R34] All of the studies focused on patients who underwent roux-en-Y gastric bypass,[@R17]gastric banding,[@R29]sleeve gastric[@R17] or lap band[@R31] bariatric surgery. The included studies reported data on 347 patients. The number of patients within each study ranged from 21 to 128, and years of follow-up varied from 0.25 to 1.5 (mean*=*0.69, SD=0.41). Exercise training in all of the included studies were aerobic exercise, resistance training or combined exercise and were performed for 1.3--4 hours/week and lasted for 12--26 weeks. The main characteristics of the included studies are shown in [table 1](#T1){ref-type="table"}.

###### 

Characteristics of included studies

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Authors (year)                No. of patients   Type of surgery   Age, mean\       Mean time since surgery   Type of exercise intervention                        Exercise regimen                                                Main outcomes
                                                                    (SD), years                                                                                                                                                     
  ----------------------------- ----------------- ----------------- ---------------- ------------------------- ---------------------------------------------------- --------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------
  Castello *et al* [@R30]\      32                RYGB              E: 38 (13.3)\    1 month                   Aerobic exercise                                     60 min/d \* 3 d/w \* 12 w                                       Anthropometric variables and body composition6MWTHR variabilitySpirometric measurements
  (2011)                                                            C: 36 (12.6)                                                                                                                                                    

  Shah *et al* [@R32]\          33                RYGB\             E: 47.3 (10)\    ≥1 year                   Moderate-intensity aerobic exercise                  ≥2000 kcal/w \* 12 w                                            Weight lossVO~2max~, REEBlood pressureHealth-related QOL
  (2011)                                          GB                C: 53.9 (8.8)                                                                                                                                                   

  Coen *et al* [@R28]\          128               RYGB              E: 41.3 (9.7)\   1--3 months               Aerobic exercise training                            1--3 M: 10--15 min/d \* 3--5 w\                                 Insulin sensitivityCardiorespiratory fitness: VO~2\ peak~Weight, body composition
  (2015)                                                            C: 47.9 (10.3)                                                                                  3--6 M: 30 min/d, 120 min/w                                     

  Coleman *et al* [@R31]\       51                SG\               49.8 (11.4)      14 months                 Strength, flexibility and aerobic activities         60 min/d \* 2 d/w \* 6M exercise classes +\                     Physical fitness: 6 min walkSelf-reported physical activity
  (2016)                                          LB\                                                                                                               ≥3 d/w self-directed exercise \* 6 M                            
                                                  RYGB                                                                                                                                                                              

  Hassannejad *et al* [@R17]\   60                RYGB\             E: 35.4 (8.1)\   Immediately after         Aerobic strength training                            1--4 w: walking ≥150 min/w\                                     Anthropometric measurementsFunctional capacity: 12MWRT,1RM, sit-to-stand test
  (2017)                                          SG                C: 36.7 (6.2)                                                                                   5--12 w: walking ≥150 min/w\                                    
                                                                                                                                                                    +strength exercise 20--30 min/d \* 3×/w                         

  Herring *et al* [@R29]\       24                RYGB\             48.4 (8.9)       19.3 months               Moderate-intensity aerobic and resistance training   60  min gym sessions \* 3×/w \* 12  w                           Physical function: ISWT, grip strengthAnthropometric measurementsObjective and self-reported physical activity
  (2017)                                          SG\                                                                                                                                                                               
                                                  GB                                                                                                                                                                                

  Daniels *et al* [@R33]\       16                RYGB              44.9 (10.2)      8 weeks                   Resistance training                                  1  w: 60--80  min training \* 3×/w\                             Body compositionMuscle quality and strengthMuscle cross-sectional area
  (2018)                                                                                                                                                            (intensity: 50%--60 % 1RM)\                                     
                                                                                                                                                                    2 -- 7  w: 60--80  min \* 3×/w\                                 
                                                                                                                                                                    (intensity: 70%--80% 1RM)\                                      
                                                                                                                                                                    8 -- 12  w : 60--80  min \* 3×/w\                               
                                                                                                                                                                    (intensity: \>80% 1  RM)                                        

  Mundbjerg *et al* [@R34]\     60                RYGB              E: 42.3 (9.4)\   6 months                  Aerobic and resistance training                      40  min supervised physical training sessions \* 2/w \* 26  w   Anthropometric variablesCardiovascular risk factors
  (2018)                                                            C: 42.4 (9.0)                                                                                                                                                   
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1RM, one repetition maximum; 6MWT, 6 min walk test; 12MWT, 12 min walk test; d, day(s); GB, gastric banding; HR, heart rate; ISWT, incremental shuttle walk test; LB, lap band; M, months; QOL, quality of life; REE, resting energy expenditure; RYGB, roux en-y gastric bypass; SG, sleeve gastric; VO~2peak~, peak oxygen consumption; w, week(s); y, year(s).

Study quality (risk of bias) {#s3b}
----------------------------

The quality of randomisation was considered adequate in seven studies.[@R17] Information about random allocation concealment was provided in six studies.[@R28] Only two studies[@R30] used a double-blind method and three studies[@R17] adopted a single-blind method without describing the blinding methods for outcome assessment. All included trials described the reasons for patients lost-to-follow-up in detail, with no selectivity of outcome reporting ([table 2](#T2){ref-type="table"}).

###### 

Quality of included studies according to the Cochrane Collaboration's tool for assessment of risk of bias

  Study                        ①           ②           ③           ④           ⑤          ⑥          ⑦
  ---------------------------- ----------- ----------- ----------- ----------- ---------- ---------- ----------
  Coen *et al* [@R28]          Low risk    Low risk    Low risk    Not clear   Low risk   Low risk   Low risk
  Herring *et al* [@R29]       Low risk    Low risk    High risk   High risk   Low risk   Low risk   Low risk
  Castello *et al* [@R30]      Low risk    Low risk    Low risk    Low risk    Low risk   Low risk   Low risk
  Hassannejad *et al* [@R17]   Low risk    Not clear   Low risk    Not clear   Low risk   Low risk   Low risk
  Coleman *et al* [@R31]       Low risk    Low risk    Not clear   Not clear   Low risk   Low risk   Low risk
  Shah *et al* [@R32]          Not clear   Not clear   Not clear   Not clear   Low risk   Low risk   Low risk
  Daniels *et al* [@R33]       Low risk    Low risk    Low risk    Low risk    Low risk   Low risk   Low risk
  Mundbjerg *et al* [@R34]     Low risk    Low risk    Low risk    Not clear   Low risk   Low risk   Low risk

①, random-sequence generation; ②, allocation concealment; ③, blinding of participants and personnel; ④, blinding of outcome assessment; ⑤, incomplete outcome data; ⑥, selective reporting; ⑦, other bias.

Primary outcomes {#s3c}
----------------

### Body weight {#s3c1}

All eight of the included studies reported changes in body weight after the intervention. Individuals assigned to an exercise training group achieved significantly greater weight loss than did those given no special exercise therapy after bariatric surgery (WMD −1.94 kg; 95% CI (CI) −3.18 to −0.69; p=0.002). Heterogeneity among studies was moderate (I^2^=51%).

The subgroup analysis based on the starting time of exercise training showed that, compared with patients who began to do physical exercise within 1 year after surgery (WMD −1.71 kg; 95% CI −3.06 to −0.36; p=0.01), those engaging in physical exercise 1 year or more after surgery achieved greater weight loss (WMD −3.63 kg; 95% CI −5.35 to −1.91; p\<0.0001; [figure 2](#F2){ref-type="fig"}). The difference between groups is statistically significant (p=0.015). In addition, excluding the study by Shah *et al* [@R32] (in which patients received the intervention at differing timepoints postsurgery), changes occurred in effect size (WMD −2.29 kg; 95% CI −3.49 to −1.09; p=0.0002) and degree of heterogeneity (I^2^=39%). Moreover, according to another subgroup analysis of different exercise prescriptions, the aerobic--resistance exercise group was associated with more weight loss after surgery (WMD −3.12 kg; 95% CI −4.56 to −1.68; p\<0.0001), while no significant difference was found in the simple aerobic-exercise group (WMD −0.24 kg; 95% CI −1.56 to 1.09; p=0.73) or the resistance exercise group (WMD −2.20 kg; 95% CI −5.35 to 0.95; p=0.17; [figure 3](#F3){ref-type="fig"}). The difference between groups is statistically significant (p=0.010).

![Mean change in body weight (kilogram) after exercise intervention versus non-exercise treatment after bariatric surgery. Subgroup analysis was done on the studies that used different starting times for intervention after surgery (Forest plot). WMD, weighted mean difference.](bmjopen-2018-023208f02){#F2}

![Mean change in body weight (kilogram) after exercise intervention versus non-exercise treatment after bariatric surgery. Subgroup analysis was done on the studies that used different exercise prescriptions after surgery (Forest plot). WMD, weighted mean difference.](bmjopen-2018-023208f03){#F3}

### Physical function {#s3c2}

Meta-analysis based on two RCTs[@R30] showed a significant increase in 6 min walk distance (6MWD) after the exercise intervention (6MWD; WMD 29.67 m; 95% CI 25.97 to 33.37; p\<0.00001), with good homogeneity (I^2^=0%; online [supplementary figure 1](#SP1){ref-type="supplementary-material"}).

### Other outcomes {#s3c3}

Compared with those who did not exercise after surgery, patients receiving the exercise intervention achieved lower BMI (WMD −0.40 kg/m^2^; 95% CI −0.81 to 0.00; n=5), smaller waist circumference (WMD −5.25 cm; 95% CI −10.48 to −0.03; n=4), lower SBP (WMD −4.12 mm Hg; 95% CI −6.68 to −1.55; n=4) and lower resting HR (WMD −4.39 bpm; 95% CI −8.11 to −0.68; n=3). There was no significant difference in BF% (WMD −1.93%; 95% CI −4.06 to 0.20; n=4), FM (WMD −3.35 kg; 95% CI −7.99 to 1.29; n=3), FFM (WMD 0.53 kg; 95% CI −1.88 to 2.94; n=2), hip circumference (WMD −3.91 cm; 95% CI −11.09 to 3.26; n=3) or DBP (WMD −3.56 mm Hg; 95% CI −8.61 to 1.48; n=4) between the two groups. These findings are summarised in online [supplementary table 6](#SP1){ref-type="supplementary-material"}.

Sensitivity analyses and publication bias {#s3d}
-----------------------------------------

Excluding studies one by one did not significantly alter the effect of exercise intervention on mean changes in body weight. Similarly, the outcome of 6MWD was not sensitive to a specific study. The funnel plot did not suggest publication bias for physical exercise with respect to weight loss ([figure 4](#F4){ref-type="fig"}), and the p value for publication bias was 0.44 for the relationship between exercise training and weight loss.

![Weight loss: funnel plot of included studies. WMD, weighted mean difference.](bmjopen-2018-023208f04){#F4}

Overall quality of evidence by GRADEpro {#s3e}
---------------------------------------

The quality of evidence for body weight and BMI were moderate. And the quality of evidence for other outcomes was downgraded to 'low' or 'very low', mainly due to high risk of performance bias, inconsistency (with a large I^2^ value or a wide 95% CI around the pooled effect) and imprecision (small sample size). The overall results from the GRADEpro incorporating the assessment of quality of evidence for each outcome are presented in online [supplementary table 7](#SP1){ref-type="supplementary-material"}.

Discussion {#s4}
==========

To our knowledge, this is the first meta-analysis of RCTs to examine the effect of exercise on adults with obesity who have had bariatric surgery. Our results suggest that exercise following bariatric surgery elicits additional weight loss and further improves physical function.

An extra mean value of 1.94 kg weight loss was obtained by physical exercise after surgery, compared with surgery alone. This value is higher than 1.5 kg, which is found in a similar meta-analysis of non-surgical weight loss programmes[@R35]; the result is consistent with several systematic reviews[@R12] and studies based on patient self-report after bariatric surgery.[@R12] Livhits *et al* [@R13] found that a 4% excess-weight loss was related to physical exercise after bariatric surgery; Pouwels *et al* [@R19] indicated that exercise training indeed resulted in significant changes of anthropometric parameters and greater weight loss than did bariatric surgery alone. The contemporary guidelines define 5% to 10% weight reductions as clinically important to improve health.[@R38] For most severe obese patients, a 20% weight loss over 2 years is required to achieve a clinical importance of health-related quality of life improvements.[@R40] However, the current literatures have not quantified the extent to which changes in body weight are sufficient to improve health in the context of bariatric surgery. Insufficient evidence is available to conclude whether 1.94 kg additional weight loss is large enough to have an impact on health. Therefore, a value regarding the minimum amount of weight loss to obtain minimal clinically important difference (MCID) related to health in bariatric surgery patients need to be determined by future studies. Nevertheless, the positive results of our meta-analysis of all of the currently available RCTs indicate the causal relationship between physical activity and weight loss, proving that physical exercise contributes to more weight loss after bariatric surgery and suggesting that it can be an adjunct therapy for bariatric surgery patients, especially in cases of suboptimal weight loss.

Another systematic review focusing on physical activity and bariatric surgery with long-term follow-up (\>1 year) showed a reduction of 3.62 kg related to physical exercise,[@R12] which is similar to the value found by our subgroup analysis of patients engaging in exercise training ≥1 year postsurgery. The studies in our subgroup analysis also indicated that weight loss was less in individuals who engaged in physical exercise at earlier periods postsurgery compared with those participated in exercise training ≥1 year after surgery. This finding is consistent with two previous non-RCTs.[@R18] The strong influence of surgery[@R3] and forced dietary changes[@R42] are the primary factors that affect weight or fat loss at the early stages after surgery, which may weaken the desirable results of exercise training in the intervention studies. After patients have adapted to the physiological changes associated with bariatric surgery, behavioural changes begin to emerge and influence weight loss at later periods after surgery.[@R43]

In addition, different physical exercise interventions in the included studies obtained different degrees of postoperative weight reduction. According to our subgroup analysis, aerobic--resistance exercise showed obvious advantages in achieving additional weight loss compared with aerobic exercise or resistance exercise alone, which indicated that physical exercise methods might also be an important factor during exercise training after surgery. However, considering the limited sample size in the present study, further research is needed to confirm this result.

Typically, when patients undergo bariatric surgery, they lose weight rapidly in terms of both FM and FFM.[@R44]Maximising fat loss while preserving lean-tissue mass and function is a central goal of modern obesity treatments.[@R45] Considering that FFM accounts for a major portion of resting energy expenditure and regulation of core body temperature, its loss may predispose a patient to weight regain in the long term.[@R46] In our meta-analysis, we failed to find a significant difference between two groups (exercise vs non-exercise) for changes in body composition (FM and FFM). On the one hand, the number of pooled studies was small and the results may have been biased; on the other hand, the results might be explained by the subjects' unclear intake of total calories and protein. According to clinical practice guidelines,[@R47] a protein intake of roughly 1.5 g/kg ideal body weight per day may reduce FFM loss in individuals with low energy intake. Most studies included in our meta-analysis involved diet education or provided a diet information sheet[@R17]; however, caloric intake or protein consumption was not directly controlled or monitored, which may have affected the positive results of exercise. Different kinds of exercise regimens in the studies may be another explanation.

Physical exercise also plays a vital role in physical function. The distance travelled during the 6MWT on a horizontal surface is an easy and well-validated method for evaluating the functional abilities of obese adults.[@R24] Obesity drastically inhibits physical function and walking performance and increases mobility impairments.[@R49] Previous studies demonstrated that bariatric surgery induced substantial weight loss (especially BF%), making walking less exhausting.[@R50] The present meta-analysis also showed that additional exercise training led to superior improvements in functional capacity over surgery alone, which coincided with two systematic reviews of Herring and Baillot *et al*.[@R20] The additional mean improvements of 6MWD in the exercise training group was 29.67 m. An MCID for the 6MWT in bariatric surgery patients has not been established. However, for patients with chronic obstructive pulmonary disease and coronary artery disease, the MCID for 6MWD is approximately 25 m.[@R53] Based on this data, an additional improvement of 29.67 m observed in the exercise training group in this meta-analysis is large enough to represent a better physical function in this population. In addition, improvements shown in blood pressure and resting HR in the physical exercise group alongside increased walking distance also indicated enhanced fitness. These results suggested that aerobics and/or aerobic--resistance exercise after bariatric surgery might further increase functional capacity and resting cardiovascular fitness. However, the number of studies in this area are still limited, and most of them evaluated only postoperative functional capacity or muscle strength improvement without any physical-activity interventions.[@R55] Therefore, further investigations are required to confirm the benefits of physical exercise in physical function after bariatric surgery.

The present study has several potential limitations. First, though we used a comprehensive search strategy, the quality and power of synthetic outcomes from RCTs were limited by the small sample size and small number of included studies. Second, the heterogeneity of exercise training interventions also presents challenges to evidence synthesis. Our studies indicate that exercise training, especially aerobic--resistance exercise, may augment weight loss after bariatric surgery, but we could not draw any conclusions about the frequency, duration or intensity of exercise training. Third, the results of our meta-analysis are relevant only to short-term outcomes, leading to the loss of statistical significance in some results. In future studies, we recommend that participants should be followed up for at least 2 years postsurgery to allow sufficient time for any effects of an intervention to become apparent and to determine whether physical exercise may assist postoperative weight loss maintenance.

Conclusions {#s5}
===========

Physical exercise after bariatric surgery provides additional weight loss and further improvements in physical function compared with surgery alone, which should be stressed in preoperative counselling and in long-term follow-up. However, considering the limited sample size in the present study, high-quality and larger future randomised trials are required to confirm these results and determine the best exercise prescription for adults with obesity who have had bariatric surgery.
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